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A consideration of the following Table will show to what degree of 
accuracy these two empirical laws hold : — 



Table lY. 



■ 
■ 

G-as. 


T,/0. 


.lO^.VA. 


Chlorine 


1-28 
1-25 
1-32 


1-02 
1-03 
1-01 

.Hi 


Bromine 


Iodine 



It will be seen that this gronp of gases in the periodic Table obey laws 



similar to those which hold for the inert gases.^' 



A Ne/iD Type of Series in the Band Spectrum Associated with 

Helimn. 

By A. FoAVLER, F.E.S., Assistant Professor of Physics, Imperial College, 

South Kensington. 

(Eeceived January 19, 1915.) 

Introductory. 

A previously unknown band spectrum was noticed in the course of 
experiments on hydrogen and helium made at the Imperial College in 1912, 
and was further investigated and described by W. E. Curtis in the year 
following.! An independent account of this spectrum was also given, almost 
at the same time, by Dr. E. Goldstein. 1 In each case, some hesitation was 
felt in attributing the new spectrum solely to helium, in consequence of the 
persistence of traces of hydrogen in the helium tubes employed. 

Mr. Curtis found that the band spectrum was best developed, in the wider 
parts of the tubes, when a discharge with small capacity and a small air-gap 
was passed through helium at a pressure rather higher than that which is 
usual in sealed tubes of the gas. The discharge is then quite brilliant, and 
by giving long exposures, amounting in some cases to seven or eight hours, 

* ' Phil. Mag.,' January, 1911, p. 45. 

t ' Roy. Soc. Proc.,' A, vol. 89, p. 146 (1913). 

Yerh. d. Deutsch. Phys. Gesell.,' vol. 15, p. 402 (1913). 
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Mr. Curtis obtained an excellent series of photographs of the spectrum with 
the concave grating of 10 feet radius, some of which were in the second and 
third orders. Photographs with other instruments were also taken by 
Mr. Curtis, but he has been unable to continue the investigation in conse- 
quence of his temporary enlistment. Under these circumstances it has been 
thought desirable to make a preliminary analysis of the bands, so that 
attention might be drawn to any points of special interest without undue 
delay. 

As previously described and illustrated by Curtis and Goldstein, the 
spectrum includes some conspicuous bands with single heads, others with 
double heads, and a number of complex regions in which no heads are 
recognisable at sight. A prominent fluting with a single head, beginning at 
\ 5733, degrades to the violet, but otherwise all the flutings which have been 
recognised as such are degraded to the red. 

The first result of the investigation was the unexpected discovery that the 
double-headed bands are not arranged according to the usual law of band 
spectra, but closely follow the law of line series. The structure of the 
individual bands, however, is essentially the same as that of bands which are 
distributed in the more usual way ; that is, the distances between successive 
lines of a series form an approximately arithmetical progression. Mr. Curtis's 
plates show five bands of the main doublet series, and four additional bands 
in the ultra-violet which plainly belong to it have since been photographed 
on a small scale. 

A fairly conspicuous doublet in the green, W 5133, 5108, was not included 
in the main series, and it therefore became important to search, for additional 
bands, in order to determine if there were other series which might be related 
to the first. Only one other doublet, a faint one at 3634, 3625, was at first 
recognised by inspection, and it remained to be seen if others could be picked 
out in the more complex regions where bands of different types might be 
superposed. For this purpose, all the individual lines composing the bands 
between X6500 and X3347 were measured, so that the special character- 
istics of the different types of bands could be ascertained. About 1300 
lines in all have been measured, but the final determinations of the wave- 
lengths, with the necessary corrections for temperature and other sources 
of error, will occupy a great deal of time, and it is not considered 
desirable to give so long a list until the wave-lengths have been freed 
from systematic errors. The provisional wave-lengths, however, are adequate 
for a first discussion. 

As a general statement, it may be remarked that the lines composing the 
single-headed bands show a smaller second difference than those belongino- 
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to the doublets, but in each case the second difference increases in passing 
from bands in the red to those in the violet part of the spectrum. A 
great many of the band lines can be arranged in series, but comparatively 
few additional heads have been traced or suspected. Two doublets which 
are related to those about 5133 and 3634, however, have been identified, 
and also a few single-headed bands in addition to those tabulated by 
Curtis. Ko regularity in the arrangement of the single bands has yet 
been recognised, and the present paper is accordingly restricted to the 
consideration of the doublets. 



Structure of the DouMets, 

The structure of the strongest double band, at XX 4648, 4625, is illustrated 
in fig. 1, where the intensities of the component lines are represented 
roughly by the lengths of the lines in the diagram. In this case, the 
more refrangible, and weaker, component of the doublet includes seven 
strong lines, and the less refrangible component at least eight. In each 
case the lines converge to the observed heads. The "tail" of the band 
consists of a large number of lines, of which the brightest form the obvious 
series which is shown in the diagram ; the calculated convergence point of 
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Fm. 1. — ^The Doublet Band XX 4648, 4625. (The scale is that of wave-numbers, and only 

the chief lines are shown.) 

this series lies considerably on the violet side of the two observed heads, 
and the lines cease to be visible before the convergence point is reached. 
Series of the latter type are very numerous throughout the spectrum ; 
they appear to accompany all the bands, whether single or double, and 
the second difference is apparently dependent on that in the band with which 
it is connected. 

The provisional wave-lengths of the lines mapped in fig. 1 are given in 
Table I, which also shows the corresponding wave-numbers (reduced to 
vacuum), and the first and second, differences. It will be seen that the 
second differences are approximately constant. 
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Table I. — Details of the Doublet 4625, 4648. 



Intensity. 


WaTe -length 
(LA.). 


Wave -number. 


1st difference. 


2nd difference. 


Bemarks. 


4 


4625 -43 


21613 -7 


3-2 
6-7 
11-3 
15-3 
18*9 
23-5 




More refrangible 


5 


26*12 


10*5 


3-5 


head. 


7 


27-54 


03-8 


4*6 




7 


29-98 


21592 -5 


4*0 




6 


33*25 
37*32 


77-2 
58-3 


3-6 
4*6 




5 


42*37 


34-8 






i5 


4648 -52 


21506 -3 


4-0 . 

7-5 
10-9 
13-7 
17-1 
,20-4 
23*4 




Less refrangible 


8 


49-38 


02-3 


3*5 


head. 


10 


51*01 


21494 -8 


3-4 




10 


53 -37 


83-9 


2-8 




i 8 


56-35 


70-2 


3-4 




i 8 


60 -06 


53-1 


3-3 




i 8 


64 -48 


32-7 


3-0 




1 6 


69 -58 


09*3 






! 6 


4658-80 


21458 -9 


36-9 
40-7 
44-0 
47-3 
50-1 
53-1 
55-6 
58 -3 
60-1 
62-4 




Chief series in 


i 

8 


m -81 


22 *0 


3-8 


taih 


10 


75-70 


21381 -3 


3-3 




10 


85 -34 


37-3 


3-3 




10 


95*75 


21290 -0 


2-8 




9 


4706 -82 


39-9 


3-0 




9 


18-61 


21186 -8 


2*5 




8 


31-04 


31-2 


. 2-7 




6 


44-13 


21072 -9 


1-8 




4 


57-69 


12-8 


2-3 




3 


71-86 


20950 -4 




. 



The Main Series of Doublets. 

The bands belonging to the main series of doublets are readily recognised 
on inspection of the photographs. They all occur in regions which are free 
from complication by the superposition of other bands, and the last seven 
are apparently the only bands which occur in the ultra-violet between 
X 3450 and X 2950, beyond which the spectrum has not yet been examined. 
The intensities of the bands decrease gradually in passing along the series. 

The wave-lengths (International scale) and wave-numbers (corrected to 
vacuum) of the heads of these bands are given in Table II; the first 
three have been derived from grating plates, but the remainder are only 
approximate values obtained from photographs taken with much smaller 
dispersion.^' 

Calculations soon confirmed the suspicion that the series was of the 
character hitherto exclusively regarded as belonging to line spectra. The 

* The instruments which would ordinarily have been used for improving on the wave- 
lengths are detained in Russia, where they were taken for observations of the total solar 
eclipse of 1914, August 21. 

VOL. XCI. — A. S 
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series may, in fact, be represented in the usual way by the formulae of 
Rydberg or Hicks. For the less refrangible components of the doublets, 
which are the stronger, the following formulae have been calculated : — 

n = 34295-86- , ^^?^l!f'^^ ,, , (I) 

(m + 0-928427)2 ^ ^ 

n = 34295-13 ~(,,,^ 0-931561 -O-OOeiOO/m)^ * ^^^^ 

The adopted value of the Eydberg constant is that given by Curtis for the 
International scale, derived from his measurements of lines of hydrogen.* 
The differences between the observed and calculated wave-numbers are 
shown under I and II in Table II, and it will be seen that the bands are- 
represented with quite an ordinary degree of accuracy. 

The wave-number intervals between the two components of the doublets 
diminish in passing to the ultra-violet, but the convergence is less rapid than 
would be the case if they corresponded with the components of doublets in 
the Principal series of a line spectrum. 

Attempts to unite the more refrangible components of the doublets in 
formulae have been less successful. The simple Rydberg formula leaves^ 
large residuals, and even the Hicks formula with four constants is not 
entirely satisfactory. The following formulae have been calculated : — 

n = 34330-18 ~-J.2|^g||_ , (HI) 

(m-f 0-936830)^ ^ ^ 

% = 34324-725 — — 109679-22 . ^y. 

(m-h 0-960333 -0-045747/m)2^ ^xv; 

Q/1Q1 A'QA^* j-uyo/y^z /v\ 

^^"" "'(m-hl-051264~0-472053/m-|-0-495248/m^f ^ ^ 

The observed minus calculated values are shown under III, IV, V in 
Table II, from which it will be seen that there are considerable systematic 
residuals in each case. A Ritz formula, with three constants, has also 
been calculated; it gives residuals slightly larger than those given by 
formula IV. 

In view of the observed rate of contraction of the doublets, the limits 
given by formulae III and IV appear to be too high as compared with the 
limit 34295 for the series of less refrangible heads, which is probably not 
far from correct. From this point of view, the limit given by formula V 
would seem to be nearly correct, relatively to that of the less refrangible 
heads. On the other hand, the position of the band in the infra-red corre- 

■^ 'Roy. Soc. Proc.; A, vol. 90, p. 605 (1914). 
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Table II. — The Main Series of Doublets. 



Wave-length 
(LA.). 


1 
Wave-number. 


1 




-C (An] 


). 


' 


T 

I. 


II. 


III. 


IV. 


V. 


4648 '62 
4626 -43 


21506 -3 
21613 -7 


2 


0-0* 


0-0* 


0-0* 


* 

0-0* 


0-0* 


3676 -52 
3664 -99 


27192 -1 
27277 -6 


3 


-f-3'2 


0-0* 


+ 24'1 


0-0* 


0-0* 


3356 -43 
3347 -99 


29785 "2 
29860 -3 


4 


-f-4'9 


+ 2-6 


+ 30*3 


+ 13-8 


0*0* 


3206 -4 
3200-6 


31178 -6 
31235 -1 


6 


+ 3-4 


-{-2-1 


+ 16-7 


-h 7*2 


-5 -4 


3122 -7 
3118 -1 


32014 -4 
32061 -7 


6 


-f-3-4 


+ 2-7 


+ 10-8 


+ 5-9 


-2 '2 


3071 -1 
3067 -4 


32552 -9 
32591 -6 


7 


-f-1-9 


+ 1-6 


-f- 2-5 


-»- 0-6 


~ 3 -0 


3036 -8 
3033 -4 


32920 -0 
32956 -9 


8 


O.0# 


0-0^ 


0-0* 


0-0* 


O'O^ 


3012 '5 
3010 -2 


33185 -6 
33210 -9 


9 


-f-2-4 


-i-2-5 


- 8-5 


- 7-1 


-4-4 


2995 -0 
2993 -0 


33379 -0 
33401 -0 

1 


10 


+ 1-5 


-fl-8 


-12-2 


- 9*9 ' 

: 
( 


-5-0 



* Used in tlie calculation of constants. 

sponding to m= 1 given by V (n = 8824) is very discordant with that 
indicated for the less refrangible band by I and II (9^ = 4803, 4711, 
respectively), and a closer agreement in this respect is shown by III and IV 
.(n = 5093, 4404, respectively). 

The difficulty in finding a satisfactory formula for the more refrangible 
components is doubtless associated with the unusual character of the doublet 
separations, which resemble neither Principal nor Subordinate series in the 
case of line spectra. It may be remarked, however, that some of the 
known line series are not satisfactorily represented by any of the recognised 
formulae. * 

There is at all events no escape from the conclusion that the doublet 
bands in question are arranged substantially in the same way as the lines in 
an ordinary line series. 

The Second Series of Doublets. 

The first doublet of the second series is quite a conspicuous feature in the 
:green of the visible spectrum, and the third can be recognised without 
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difficulty on the large scale photographs. The heads of the second band., 
however, occur among other band lines, and were only identified after- 
measurement of the individual lines; the fourth band is very faint, and 
prolonged exposures would evidently be required to bring out additional 
members of this series. The positions of these bands are indicated in. 
xaDie nx. 

Table III, — The Second Series of Doublets. 



Wave-length (I.A.). 


Wave-nnmber. 






0~C (An), 




m. 














VI. 


VII. 


VIII. 


5133 -34 
5108 -22 


19476 -2 
19570 -9 


2 


o.o# 


0-0* 


0-0* 


4002 '37 
3989 -17 


24978 -3 
25060 -9 


3 


+ 0-7 


+ 9-4 


0-0* 


3684 •42t 
3624 -91 


27507 -0 
27579 -2 


4 


+ 1-1 


+ 7-1 


+ 2-9 


3462 -45 
3454 -94 


28873 -1 
28935 -9 


5 


0-0* 


0-0* 


■ 

O'O* 

i 



* Used in calculation of constants. 

t The first line of the head falls on a helitim line ; its position has been estimated from other 
lines near the head. 

The less refrangible heads of the four observed bands are satisfactorily 

represented by the following Eydberg formula, as will be seen under YI, 

Table III: — 

109679-22 



% = 31956-22 



(VI) 



(m+ 0-964402)2 

The more refrangible heads, as in the case of the main series, are not well 
represented by a Eydberg formula, and it is probable that even the Hicks 
formula would be unsatisfactory if a greater number of bands were available 
to test its applicability. The values of — C under YII and YIII in Table III 
refer to the following formulae : 

109679-22 



n 



32014-42 



n = 32005-665 



(m + 0-968866)2' 

109679-22 



(YII 



(YIII) 



(m + 0-982328 - 0024835/m)2 • 

Corresponding to m == 1, formula YI gives 3534 as the wmve-number of the 
less refrangible component of a possible infra-red member of the series, and 
formulae YII and YIII give 3721 and 3382 respectively for the more refran-^ 
gible head. 
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Comparison of the Two Series, 

It is remarkable that, although the two series of doublets follow the law 
of line spectra individually, no relation between them corresponding to any 
which exists between the different members of a system of line series is 
certainly indicated. The series which has been described as the "main 
series" of doublets, in consideration of its brightness and extent, would 
probably correspond with the Principal series in the case of a line spectrum 
if it had any equivalent. The second series would similarly correspond to 
one of the subordinate series, and the fact that the first term of the series 
(m = 1) occurs with a positive sign may be taken to indicate that it would be 
equivalent to a Diffuse series. A third series, which would correspond to 
the Sharp series in a line spectrum, has not yet been identified. In accord- 
ance with, well known principles, however, an approximate formula for the 
Sharp series may be derived from that for the Principal, but neither of two 
or three additional dou.blets which have been suspected occupy the positions 
so calculated. 

In a system of line series, as expressed by the Eydberg-Schuster law, the 
common limit of the Diffuse and Sharp series differs from that of the 
Principal series by an amount equal to the wave-number of the first 
Principal line. In the present case the difference between the limits of 
the two doublet series is about 2340, while the wave-number of the first 
member of the main series calculated by the formulae I and II is between 
4700 and 4800. The difference appears to be too great to be accounted for. 
by the approximate character of the formulae employed, and, if so, the tw^o 
doublet series cannot stand in the relation of Principal and Diffuse series. 
The same conclusion is suggested by the fact that the less refrangible 
components of the doublets are strongest in both series. 

Thus, although there can be no doubt that the heads of the doublet bands 
are arranged according to the law of line spectra, other relations shown by 
the different series of a line system do not appear to hold. 

Summary, 

The band spectrum associated with helium, as previously described by 
Curtis and Goldstein, includes bands with single heads and bands with double 
heads. A preliminary analysis of this spectrum has led to the following 
conclusions : — 

(1) The doublets do not follow the ordinary law of band spectra^ but can 
be arranged in two series of the type hitherto exclusively associated with linq 
spectra, and can be approximately represented by the usual formulae^ 
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involving the Rydberg constant. Mne bands of the main series and four of 
the fainter second series have been identitied. 

(2) The two series may be likened to the Principal and Diffuse series in 
the case of line spectra, but the usual relation between such series is not 
certainly indicated, and no equivalent of the Sharp series has yet been traced. 

(3) The doublet separations are not in accordance with those associated 
with line spectra ; they diminish in passing along the series, but do not vanish 
at the limit. 

No regularity in the arrangement of the single bands has been recognised. 

The author is indebted to Mr. F. S. Phillips and to Major-General du Gard 
Gray, C.B., for photographs of the new band spectrum supplementing those 
previously obtained by Mr. Curtis. 



The Influence of Molecular Constitution and Temperature on 
Magnetic Susceptibility, Part III. — -On the Molecular Field 
in Dianiagnetic Substances. 

By A. E. Oxley, M.A., M.Sc, Coutts Trotter Sbudent, Trinity College, 
Cambridge, Mackinnon Student of the Royal Society. 

(Communicated by Prof. Sir J. J. Thomson, O.M., F.R.S. Received June 24, 1914.) 

(Abstract.) 

The work is a continuation of that in ' Phil. Trans.,' A, vol. 214, 
pp. 109-146, which contains Parts I and 11. 

The suggestion made at the end of Part 11, p. 143, that the local molecular 
field in diamagnetic crystalline substances may be comparable with the ferro- 
magnetic molecular field, has been justified. Estimates of the order of 
magnitude of this field have been obtained from the following sources : — 

(a) The change of specific susceptihility accom,panying crystallisation. The 
extent of this change may be interpreted, on Langevin's theory of dia- 
magnetism, as produced by a local molecular field of the order of intensity 
10^ gauss, which comes into operation on crystallisation (§ 4). This intense 
local field distorts the molecules and alters the periods of vibration of the 
contained electrons. From the nature of the structure which has been 
postulated for a diamagnetic molecule, this field is of an alternating character, 
the distance over which it is unidirectional being comparable with the 



